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ABSTRACT 
 
 
Every year, the American Society of Mechanical Engineers holds a RC Baja Car Competition. 
Students from the region are required to design, build, and compete in the annual competition. 
The purpose of this project and the focus of this report was to build a drivetrain for an RC car, 
following the guidelines outlined by ASME, to compete in their annual competition. The 
drivetrain must convert power from a brushed electric motor to the wheels of the car. Gear 
analysis was used to calculate the power reduction required by the gears in the drive train. The 
drive train must reduce the revolutions per minute created by the motor before the power gets to 
the wheels. Using the motor and battery recommended by Professor Beardsley, the motor ran at 
17,550 RPM. A tire diameter of about 5’’ was selected for the RC car. With a goal of the RC car 
reaching 20 mph with 5’’ tires, the speed of the wheels had to be 1344 RPM. This is an overall 
gear reduction of 13.05. Using a series of 16 tooth and 40 tooth gears, the overall gear reduction 
that was able to be achieved was 15.625. The overall reduction was increased so the torque 
produced by the motor, could move the large wheels easier. The speed goal for this RC car was 
tested during several trials using a known distance and stopwatch. The results will be discussed 
at SOURCE. 
Keywords: Design, Drivetrain, ASME 
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INTRODUCTION 
 
Description: 
Each year, the ASME competition displays several different RC cars. These cars are designed 
and produced by engineering students around the region. The competition gives competitors 
freedom to design the car how they choose. In doing so, the participants have several different 
options when choosing how to propel their RC car. There are many different methods for 
creating a drivetrain; belt driven, gear train, etc. All options were explored and a decision was 
made based on several other factors/requirements. 
 
Motivation: 
An RC Baja car is needed to compete in the ASME competition and abide by the rules outlined 
for the contest (https://canvas.cwu.edu/courses/40983/files?preview=3664571). The project is 
broken up into two categories; drivetrain and suspension. 
 
Function Statement: 
A device is needed to convert the power from an electric motor to the wheels of an RC car. This 
device must have an accurate gear reduction ratio to reduce the RPM’s of the high revving 
electric motor to the slower rotating wheels. 
 
Requirements: 
 Weighs less than 6 pounds. 
 Does not cost more than $100.00. 
 Comply with all rules outlined by ASME (link above). 
 Travel 20 MPH. 
 Accelerate to top speed in under 3 seconds. 
 Able to drive upside down with 1.5’’ of clearance upright and upside down. 
 Differentials 15 inches apart. 
 
Success Criteria:  
There are three different events in the ASME RC Baja Competition; Acceleration Event, Slalom 
Event, and the Baja Event. All events are scored based on time. The following equation is used 
to score the Acceleration Event: 
 
𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑆𝑐𝑜𝑟𝑒 =  
(𝑇𝑚𝑎𝑥/𝑇𝑦𝑜𝑢𝑟)2 − 1
(𝑇𝑚𝑎𝑥/𝑇𝑚𝑖𝑛)2 −  1
 𝑥 150 + 50 
Tmax = the slowest time by any of the teams. 
Tmin = the fastest time by any of the teams. 
 
The following equation is used to score the Slalom Event: 
 
𝑆𝑙𝑎𝑙𝑜𝑚 𝑆𝑐𝑜𝑟𝑒 =  
(
𝑇𝑚𝑎𝑥
𝑇𝑦𝑜𝑢𝑟
) − 1
(
𝑇𝑚𝑎𝑥
𝑇𝑚𝑖𝑛
) − 1
 𝑥 150 + 50 
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Tmax = the slowest time by any of the teams. 
Tmin = the fastest time by any of the teams. 
 
The following equation is used to score the Baja Event: 
 
𝐵𝑎𝑗𝑎 𝑆𝑐𝑜𝑟𝑒 =  
(
𝑇𝑚𝑎𝑥
𝑇𝑦𝑜𝑢𝑟
) − 1
(
𝑇𝑚𝑎𝑥
𝑇𝑚𝑖𝑛
) − 1
 𝑥 150 + 50 
Tmax = the slowest time by any of the teams or the time limit. 
Tmin = the fastest time by any of the teams. 
 
Along with completing all events in the ASMA RC Baja Competition, the car will meet the 
following requirements without any failures during competition: 
 Travel 20 MPH. 
 Built for less than $100. 
 Operate upside down with 1.5’’ of clearance oriented either way. 
 Reach maximum speed in under 7 seconds. 
Success of this project will be judged during the competition. If the drivetrain can be assembled 
correctly and make it through the competition without failure, it was successful. 
 
Scope of Effort: 
The scope of this project is to produce a drivetrain and differential that meets the requirements 
outlined above. Tyler Martin will focus on the suspension and steering mechanisms. If executed 
correctly, the two subsystems will work in harmony to produce a running, driving RC Baja car. 
 
Benchmark: 
The benchmark for this project is finishing in the top 50% of all competitors at the ASME RC 
Baja Competition.  
 
 
DESIGN & ANALYSIS 
 
The design for the car was conceived from an idea from Professor Roger Beardsley. He stated 
that in prior competitions, cars designed by students would often flip over during the Baja event. 
This left the cars on their backs and made them temporarily immobile. The students would then 
have to run out onto the track and flip their cars over to finish the race. Roger thought it would 
be optimal if the car could operate upside down. This would cut time down during the 
competition and eliminate any worry of the car flipping over during competition.  
 
To successfully complete this design, it was broken down from a fundamental standpoint; a slim 
body with big wheels was needed. The first analysis of the car was completed by setting some 
parameters. Looking at cars from previous years, they appeared to have approximately 1.5’’ of 
clearance between the ground and the body of the car. That number was used to determine the 
wheel size, width of the car body, and the maximum diameter of the differential gear.  
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The largest component in the body of the car is the electric motor. It is approximately 1.5’’ tall. 
An extra 0.5’’ was added to allow room for housing the components inside the body of the car. 
Therefor the maximum width of the car was set to be 2’’. Having a body width of 2’’ and 
maintaining 1.5’’ of clearance on each side, the diameter of the tires turned out to be 5’’. The 
final differential gear should also be a maximum of 1.5’’ to fit in the desired body width of 2’’. 
These calculations can be seen in Analysis 1 of Appendix A in this document.  
 
The second analysis was done to determine the output (in RPM) of the motor, with the specific 
battery that will be used in the car. The motor being used is a Mabuchi RS-540SH-6527 Brushed 
Motor. The specification sheet for this motor stated that the motor would operate at 23,400 RPM 
at 9.6 V. The battery being used in this project is a NiMH 7.2 V. With this battery, the motor will 
operate at 17,550 RPM. These calculations can be seen in Analysis 2 in Appendix A. 
 
The third analysis was completed to meet the design requirement stated in the Introduction 
section. The requirement states that the car will travel 20 MPH. This velocity was converted 
from MPH to inches/sec. The equation v = ωr was then used to calculate the angular velocity. 
The angular velocity was then converted to RPM. The final output to travel 20 MPH with a 5’’ 
(diameter) tire is 1344.54 RPM. Since the wheels will be rotating at the same rate as the 
differential, this is the desired speed of the differential after the gear reduction takes place. These 
calculations can be seen in Analysis 3 in Appendix A. 
 
The fourth analysis was simply finding the gear reduction ratio. This ratio conveys how much the 
motor speed needs to be reduced before the power gets to the differential. Using the data from 
the previous analysis, the motor output is divided by the desired speed of the wheels/differential. 
It was determined that the motor speed will be 17,550 RPM and the desired speed of the wheels 
is 1344.54 RPM (to reach 20 MPH). This results in an overall reduction ratio of 13.05 to 1. 
Consider that this reduction doesn’t take the load on the motor into account. Professor Beardsley 
stated that when the motor is under load, the actual reduction needed is approximately π 
multiplied by the diameter of the wheel. Using his input, the new gear reduction ratio was 15.71 
to 1. Using the new ratio and the output of the motor, the new speed of the wheels resulted in 
1,117.12 RPM. If the wheels are turning at this rate, the cars top speed will be 16.6 MPH. This 
speed is does not meet the requirement of the car being able to travel at 20 MPH. A bigger 
battery may be needed to increase to output of the motor, which will increase the cars overall top 
speed. These calculations can be seen in Analysis 4a & Analysis 4b in Appendix A. 
 
For this project, it was decided that the drivetrain should be some sort of 4-wheel drive system. 
There are many ways to execute such a system. Preliminary drawings were sketched to visualize 
the different ways to go about attacking this issue. The drawings can be seen in the Figure 1 
below.  
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Each 4-wheel drive system has its own 
advantages and disadvantages. These pros 
and cons were carefully examined before 
deciding which system would be best suit this 
project. After discussion, it was decided that 
the drivetrain would be a belt driven system; 
specifically, the one in the top left corner of 
Figure 1. This set-up worked best for this 
project for many reasons. A belt weighs a lot 
less than a series of gears (which will help 
satisfy the weight requirement) and transmits 
the power over the distance of the car easily. 
Belts are cheap to buy and come in an 
endless variety. After making this decision, 
Professor Beardsley recommended that an 
XL timing belt be used. These belts were 
designed with the users in mind and are very 
easy to design belt systems with. 
 
The goal of fifth analysis was to determine 
the number of tooth slots that the belt gear 
would contain. The diameter of the belt 
driven gear (which wraps around the outside 
of the differential) would also be determined 
to aid the process of creating a model of the 
differential in SolidWorks. Parameters were set so that the front and rear differentials would be 
no more than 15’’ apart. This would help keep the overall length of the car relatively small; 
which will help in the Slalom Event during the competition. An XL belt was selected from a 
distributer with an outside diameter of 34’’.  Keeping the center of the differentials 15’’ apart, 
this left 4’’ of belt left to wrap around the belt gears on the front and rear differentials. By using 
the equation for the circumference of a circle, the radius of the belt gear was determined to be 
0.6366’’. Therefore, the diameter of the belt gear turned out to be 1.273’’. Dividing the 
circumference of the belt gear (4’’) by the pitch of the belt (0.2’’) resulted in the belt gear 
containing 20 tooth slots. These calculations can be seen in Analysis 5a & Analysis 5b in 
Appendix A. 
 
 
METHODS & CONSTRUCTION 
 
Description: 
Construction of the drivetrain will consist of the following parts: 
 Motor 
 Pinion Gear 
 Gear Train 
 Differentials 
Figure 1 
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 Timing Belt 
 Drive Shafts 
 U-Joints 
The power of the drivetrain starts with the motor. A pinion gear will be attached to the motor. 
Since the motor will be spinning significantly faster than necessary, a series of gears will be used 
to reduce the overall speed of the motor (gear train). This gear train will be connected to a 
differential. The job of the differential is to allow one wheel to spin faster than the other when 
necessary. A timing belt will be used to convert power from the front differential to the rear 
differential. Drive shafts and u-joints will be used to connect the differentials to the wheels of the 
R/C car. The components of this sub-system will be designed to specifications that are 
commercially available from various vendors.  
 
Construction of the device: 
The drivetrain is made up of three major sub-assemblies. The first sub-assembly consists of the 
motor, pinion gear, gear train, and housing. Aside from the housing, all parts in this sub-
assembly were purchased from various vendors. The housing was designed on SolidWorks and 
3D printed at CWU. The housing keeps the motor and gears stationary inside the body of the car.  
 
The second sub-assembly is the front differential. The differential contains two sun gears, three 
bevel gears, a star shaft, and spur gear. All the gears inside of the differential were purchased 
online. The differential itself (holding all the gears and shaft) was designed on SolidWorks and 
3D printed at CWU. The spur gear bolts to the side of the differential. The spur gear connects the 
first two sub-assemblies. The final gear in the gear train drives the spur gear attached to the 
differential. The outside of the differential also acts as a belt gear. Slots for the timing belt teeth 
are on the outside of the differential. A timing belt transmits power from the front differential to 
the rear differential. 
 
The third sub-assembly is the rear differential. The rear differential is very similar to the front 
differential. It contains the same 2 sun gears, 3 bevel gears, and star shaft. These internal parts 
were purchased from the same online vendor. The major difference in the two differentials is the 
absence of the spur gear. Instead of a spur gear bolted to the side of the differential to enclose the 
internal gears, a cap was designed in SolidWorks and 3D printed at CWU for the rear 
differential. 
 
The fourth sub-assembly is the wheel carriers and their mounts. The rear wheel carrier was 
designed with the mounts already attached to them, since they don’t need to pivot. The front 
wheel carrier is made up of three parts; the wheel carrier itself, the upper mount, and the lower 
mount. These mounts allow the carrier to sit inside them and be pivoted when the servo actuates 
the steering levers. The upper mount also has to holes drilled in the side of them to attach 
steering links, which act as the upper “A-arm”.  
 
Constructing this device was not an easy task. This project has many moving parts and sub-
assemblies; all of which have to work together to make a running/driving car. Therefore, not 
only does each individual part have to be accurate, where each part is located is just as important.  
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The first major challenge of this project was getting the differentials to work. The internal gears 
are very small and have awkward contours; making them hard to physically measure. It took 
three different 3D printed prototypes before the differential case was correct and functional. The 
second major challenge of this project was the gear train housing. An original SolidWorks model 
was created and taken to Ted Bramble (who assisted in writing the CNC programs for this part) 
to begin manufacturing the part. After a long discussion with Ted, it was determined that the 
original SolidWorks model would be impossible to make with the machining tools her at CWU. 
The design was quickly changed so the part could be produced at CWU and assembled easily 
after it was finished.  
 
Another unforeseen challenge was the wheel carriers. A lot of time was spent researching wheel 
carriers on manufactured RC cars and acquiring ideas to apply to this project. Part of this 
challenge was that the drive shafts were placed on “back order’ from Japan. This delayed the 
progression of the project because the drive shafts were not physically here to measure. 
Therefore, parts of the carrier (the inside diameter the drive shaft goes through) were estimated 
based on other carriers on the market. The carriers took 3 attempts in the 3D printer to finally get 
a functional wheel carrier. One of these attempts was due to a 3D printing error that caused the 
printer to clog up with excess material. Matt Burvee fixed the problem shortly after it was 
realized and the parts were reprinted.  
 
The last challenge encountered was not producing the parts, but locating them and attaching 
them to the body of the car. With a very complex gear train and four-wheel drive set up, 
everything must align perfectly to create a functional drive train system. This drive train also 
uses a belt set up which causes the differentials to want to pull together. Precise hole locations 
were absolutely necessary to combat this problem.  
 
Renderings: 
In Appendix B, a differential parts tree can be seen. The tree breaks down the differential into 
their main components. Purchasing all the parts (not being 3D printed) is the first step in 
assembling the drive train. Once purchased, 3D printing the differential is the next step. Make 
sure all the internal gears fit inside the differential correctly before continuing. Make design 
corrections and reprint the parts if needed. Once all the parts are obtained and the correct size, 
locating them within the body and attaching them in the correct position is the final step. All 
parts with precise dimensions can be found in Appendix B. 
 
 
 
Device Operation:  
If executed correctly, the drivetrain and its sub-systems will operate without failure during the 
competition. The motor will transmit the power to the rest of the system by turning a pinion gear. 
The pinion gear is in contact with the gear train, which consists of a series of connected gears 
that reduces the overall speed of the motor. The final gear in the gear train contacts the spur gear 
bolted to the front differential, which turns the entire differential. The outside perimeter of the 
front differential has tooth slots for the timing belt. The rotating front differential drives the 
timing belt that is linked to the rear differential. Both differentials turn drive shafts that connect 
to the wheels of the RC car.  
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Benchmark Comparison:  
This differential should transmit power from the motor to all 4 wheels of the car just as 
efficiently as RC cars on the market. It should also meet all of the requirements established in the 
introduction section of this document. 
 
Performance Predictions: 
The RC car will perform the entire ASME Baja car competition without failure and meet the 
requirements established. The car will be able to travel 20 MPH and reach its maximum speed in 
less than 7 seconds. It will also finish in the top 50% of competitors at the competition.  
 
 
TESTING METHOD 
 
Introduction 
The requirements for testing the RC car stemmed from two main goals established at the 
beginning of the project. The first goal was to have the RC car be able to reach a top speed of 20 
MPH. The second goal was to have the car accelerate to its top speed in less than 7 seconds. 
Both these goals will only be reached with a powerful and efficient drivetrain. Power could occur 
from gear friction, gear misalignment, gear slippage in the differential, and an overweight 
vehicle. Another factor of being able to test the cars speed and acceleration, is the steering. Tyler 
Martin was in charge of that portion of the car’s subsystem. If the car cannot drive straight, it 
will be difficult to acquire accurate data for the tests discussed below. 
The predicted performance of the vehicle is just over 19 MPH. This stems from the calculations 
made in Appendix A (Analysis). Due to power loss from friction and play in the drivetrain, 
differential, & wheels, the car will still hopefully reach speeds around 13 MPH. The 7 second 
acceleration goal should be attainable. Since the motor used in the RC car is electric, the power 
has the ability to come on almost instantaneously. Due to faults in the RC car; steering, drivetrain 
issues, etc. the power may not be able to be applied all at once. The car may require for the 
power to be eased on to combat other issues in the car. If the car performs how it’s expected, the 
predicted performance for the acceleration goal should be between 3-5 seconds. 
Data will be collected through times taken by a stopwatch. From those times, the maximum 
velocity of the car can be calculated. The acceleration data will be determined directly by the use 
of an app called “SpeedClock”. This app will determine the amount of time it takes the car to 
reach its maximum velocity. This velocity will be determined from the first test and entered into 
the app. 
The schedule for testing can be seen in on the Gantt chart in Appendix E. 
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                         Figure 2 
Method/Approach 
The resources needed for these tests are as listed below: 
1. Stopwatch 
2. A smartphone 
3. SpeedClock app 
4. Tape or cones 
5. RC car and its controller 
6. 2 people 
The data will be recorded manually with pencil and paper. Since the only data that needs to be 
recorded is time, this will be sufficient. The rest of the data will be calculated on a Microsoft 
Excel spreadsheet. The template used to calculate the top speed can be seen below. 
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Figure 3 
After entering the time it takes for the car to travel 30 feet, the following two columns will 
automatically process the data and produce the results. The third column will divide thirty (feet) 
by the time entered in the second column. The fourth column converts the values in the third 
column (velocity ft/s) to velocity in miles per hour. It does this by multiplying the ft/s velocity by 
.682 (the conversion rate). 
The precision and accuracy will be compromised slightly. Since the stopwatch will be started 
and stopped by hand based on human eyesight, it will not be as accurate as it could be. This 
could be combated by using laser (photogates) to collect the data. This technology is not 
available in an environment that is big enough for testing the RC car. Ten trials will be done to 
ensure the highest accuracy possible using the tools available. 
The data will be presented in the table above as well as in the form of a graph. The graph will 
make it easier for viewers to visualize the results.  
  
Trial 30ft Time Velocity (ft/s) Velocity (mph)
1
2
3
4
5
6
7
8
9
10
Average Velocity
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BUDGET/SCHEDULE/PROJECT MANAGEMENT 
 
All decisions made for this project were made with the approval of Tyler Martin. Tyler is the 
other project engineer responsible for the success of this RC car. All ideas and decisions were 
discussed with him and compromises were established when disagreements arose. Tyler is also 
financially responsible for half of this project. The major risk that this project faces is not making 
deadlines. Since this car consists of several subsystems that different people are responsible for, 
timeliness is key. If one of the designers misses a deadline, it delays the other project engineer 
from progressing as well.  
 
Cost and Budget: 
A parts list can be seen in Appendix C. This list is complete with a description of the part, the 
item source, brand, model/serial number, price, quantity, shipping cost, total, and cost per unit. 
Notice in the parts list, extra parts were ordered for almost every purchased component. The 
reason for purchasing extra parts is to be able to replace them quickly if they’re to break during 
testing. Some parts were donated to this project by Roger Beardsley. Other parts were 3D printed 
at Central Washington University. Most sub-systems in this project only require assembly. 
Fixing the components to the inside of the body with fasteners is a large portion of the labor 
hours spent on this project. One of the requirements for this project was that the car be built for 
less than $100.00. More than $100.00 was spent, but that is due to ordering extra materials, just 
in case components break. Referring to the parts list again, notice the cost per unit column. This 
shows the cost of each single part with shipping costs factored in. That column displays the true 
cost of each part. 
 
Schedule: 
The schedule for this project can be seen in Appendix E. The estimated time for this project is 
radically different than the actual time spent on it. Unforeseen problems, expenses, and errors in 
manufacturing are just a few of the reasons why the project didn’t go as planned. For future 
projects, extra time should be accounted for in the planning of the project. A lot of parts for this 
project had to be ordered from Japan; that is where most of the RC car industry manufactures 
parts. Waiting on ordered parts was one of the major setbacks for this project. Since there are 
often no spec sheets/technical drawings on the parts ordered, it delayed the project by not being 
able to start the next part. For example, the drive shafts mate with the wheel carriers. Since there 
were no technical drawings for drive shafts, the wheel carriers couldn’t be started until the drive 
shafts were physically measured after arrival. Situations like this seemed to happen continually 
throughout the project. The total estimated time for this project (excluding testing) is 170.5 
hours. The actual time spent on this project (excluding testing) is 223 hours. Another large 
amount of time has been spent researching. The schedule in Appendix E does not clearly show 
the amount of time spent researching parts. For this project, it is difficult to find technical 
documents on parts, so many hours go into deciding if the selected part will work with all the 
other components. For example, the internal gears for the differential took a long time to get 
ordered simply because it is challenging to find internal differential gears that small. They also 
had to work with the designed differential case and four-wheel drive set-up. 
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Tasks: 
In Table 2 in Appendix E, all tasks and their durations can be seen. This table shows when each 
task was started, its duration, and the when it ends. Each task outlines in Table 2 was essential to 
the success and completion of this project. 
 
Milestones: 
 3D prints of all parts: January 12th, 2018 
 Adjustments and final parts printed: January 19th, 2018 
 All parts ordered/produced and delivered: January 19th, 2018 
 Car assembled and ready for testing: March 23rd, 2018 
 Adjustments and final assembly: May 25th, 2018 
 
Project Management: 
This project will be successful due to the resources and equipment that is accessible. Central 
Washington University provides all things necessary to complete this project successfully. From 
testing equipment to 3D design software, all necessary equipment is accessible. Along with 
physical equipment, many of the universities professors are excellent mentors. Many of the 
professors have extensive experience with the ASME competition and design software. All of the 
professors are available for support for the duration of this project.  
 
Parts that must be purchased are fairly inexpensive; which eliminates all worry related to budget 
or cost. Maintaining safety throughout the project is not a risk either. Central Washington 
University provides safe equipment in specific lab areas. Personal safety items such as safety 
glasses were also worn during the assembly and testing of this project.  
 
 
DISCUSSION 
 
The project all started with selecting a drivetrain option; front-wheel drive, rear-wheel drive, or 
all-wheel drive. It was decided that an all-wheel drive system would perform the best in the 
ASME RC Baja Car competition. Although this system is more challenging and requires more 
parts, it was believed that the extra effort would be worth it. After speaking with mentor Roger 
Beardsley, he mentioned that cars often flip over during the ASME competition. This makes the 
cars immobile until flipped back over, which adds a significant amount of time to their run. 
Roger proposed a concept where the car would be able to operate upside down. This challenge 
was accepted and greatly impacted the design of this project. The decision to design an 
operational upside-down car led to the use of leaf springs. This suspension system would help 
reduce the overall width of the car body (eliminates shock towers and bulky springs). Tyler 
Martin oversaw the suspension system for this project. More detail about this leaf spring 
suspension system can be seen in his proposal.  
 
The next question that had to be answered was how the power would be transmitted to all 4 
wheels. There are some restrictions outlined in the ASME competition rulebook. For example, 
each car can only have one electric motor and one battery. But, it is up to the designers on how 
that power gets to the wheels. Gear trains, timing belts, spur gears, bevel gears, and drivelines 
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are some of the options used in the past. Each option has its benefits, but it was ultimately 
decided that a timing belt would best suit the needs of this project. Timing belts come in a wide 
variety, are lightweight, and are cheap to purchase. These benefits help meet the requirements 
outlined for this project. Roger Beardsley also had advice for the selecting a timing belt. He 
stated that an XL timing belt would be the best option for this project. After researching these 
products, the decision was made to use this product. XL timing belts are standardized belts that 
use a 0.2’’ pitch. This pitch and belt style made it significantly easier to design a timing belt gear 
on the outside of each differential.  
 
Designing the differential was no easy task either. The point of a differential is to allow one 
wheel to turn at a slower rate when necessary (cornering, slipping, etc.). It all starts with the 
internal gears. Tamiya, a company that manufactures and sells RC cars, sells replacement gears 
for many of their products. Replacement gears for the Tamiya TT-01 differential were purchased 
to be used for this project. The differential housing that holds these internal gears could not be 
used due to ASME restrictions and a different drivetrain application. After receiving the gears, 
they were measured, and the design of a custom differential housing had begun. The front and 
rear differential would use the same set of internal gears from Tamiya. The front differential 
would also have to be designed in a way that a spur gear could be attached to the side of it. The 
electric motor would drive this spur gear. From the front differential, the XL timing belt would 
transmit power to the rear differential. No spur gear was needed for the rear differential, so a cap 
was designed to go in its place and complete the rear differential housing.  
 
CONCLUSION 
 
A device has been conceived, designed, analyzed, and created to meet the requirements of this 
project. Parts, components, and subsystems have been researched, sourced, and budgeted to be 
used in the production of this RC car. This project meets all the requirements for a successful 
senior project including: 
1. Applying concepts and ideas in the design phase of this project. 
2. Having substantial engineering merit in designing the structural and power transferring 
components. 
3. Competing in the ASME RC Baja Car competition and abiding all the rules outlined by 
the organization. 
4. Working in a team to execute a successful solution to a problem. 
This project proved to be a very challenging and educational process. This project taught our 
team a lot about the limits of manufacturing and project management. Even manufacturing small 
metal fixtures for an RC car can be challenging. Not everything dreamt up on SolidWorks can be 
made by a machinist. You have to know exactly what tools/cutters will be needed to produce it, 
and how it will be put together afterwards. Managing this project was the other big challenge. 
Extra time and money will be budgeted/scheduled in for all future projects. It’s almost inevitable 
that unforeseen problems/circumstances will arise during all engineering projects. Unfortunately, 
the car did not meet the weight, velocity, or budget requirements. It did however meet the 
acceleration requirement. Not meeting the budget requirement was because of the purchase of 
several extra spare parts and a poor prediction of $100. The velocity requirement wasn’t reached 
because of the cars weight and power loss through the drivetrain and differential. The weight 
 17 
requirement wasn’t reached because of changes in design throughout the project that increased 
its overall mass. 
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Drawings, Part Drawings 
 
 
Figure 2 
 31 
 
Drawing 1 
 32 
 
Drawing 2 
 
 33 
 
Drawing 3 
 
 34 
 
Drawing 4 
 
 
 35 
 
Drawing 5 
 
 
 36 
 
Drawing 6 
 
 
 37 
 
Drawing 7 
 
 
 38 
 
Drawing 8 
 
 
 
 39 
 
 
Drawing 9 
 40 
 
Drawing 10 
 
 41 
 
Drawing 11 
 
 
 
 42 
 
Drawing 12 
 
 
 43 
 
Drawing 13 
 
 
 44 
 
Drawing 14 
 
 
 
 45 
 
Drawing 15 
 
 
 46 
 
Drawing 16 
 
 
 47 
 
Drawing 17 
 
 48 
 
Drawing 18 
 
 49 
 
Drawing 19 
 
 50 
 
Drawing 20 
 
 
 51 
 
Drawing 21 
 
 
 52 
 
Drawing 22 
 53 
 
Drawing 23 
 
 
 54 
 
Drawing 24 
 
 55 
 
Drawing 25 
 
 
 56 
 
Drawing 26 
 
 57 
APPENDIX C – Parts List and Costs. 
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APPENDIX D – Budget 
 
 
 
Table 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Item ID Description Item Source Model # Cost per Unit Quantity Needed Total
1 Battery Roger Beardsley 1546 $0.00 1 $0.00
2 Motor Hobby King RS-540SH-6527 $6.95 1 $6.95
3 Pinion Gear Amazon 3946 $5.25 1 $5.25
4 Differential 3D Printed N/A $3.15 2 $6.30
5 Internal Diff. Gears Amazon 51008 $5.60 1 $5.60
6 16t Spur Gear Designatronics S1084Z-032A016 $19.45 3 $58.35
7 40t Spur Gear Designatronics S1084Z-032A040 $14.43 3 $43.29
8 Timing Belt V-Belt Guys 340XL025 $4.38 1 $4.38
9 Differential Joints Amazon 53790 $11.38 2 $22.76
10 Drive Shafts Amazon 3639 $30.05 2 $60.10
11 Differential Cap 3D Printed N/A $1.02 1 $1.02
12 Servo Roger Beardsley FP-514B $0.00 1 $0.00
13 ESC Roger Beardsley BDESC-S10E $0.00 1 $0.00
14 Conroller Roger Beardsley FP-T2PB $0.00 1 $0.00
15 Reciever Roger Beardsley FP-R112JE $0.00 1 $0.00
16 Gear Train Bearings Boco Bearings R156-2GS $3.38 6 $20.28
17 Diff. Bearings Boco Bearings MR105-ZZC/W3 PS2 $2.75 4 $11.00
18 Gear Train Shaft McMaster Carr 1327K53 $14.91 1 $14.91
19 Housing CNC N/A $0.00 1 $0.00
20 Front Housing CNC N/A $0.00 1 $0.00
21 Front Carrier 3D Printed N/A $3.21 2 $6.42
22 Rear Carrier 3D Printed N/A $3.93 2 $7.86
23 Stearing Rods Amazon B072FVJLM1 $3.83 8 $30.64
24 Front Carrier Housing Top Machined N/A $0.00 2 $0.00
25 Front Carrier Housing Bottom Machined N/A $0.00 2 $0.00
26 Hex Drives Amazon TT010-B $12.98 1 $12.98
27 Wheels Jerrols AD-18708 $27.45 2 $54.90
$372.99Total for 1 Complete Car
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APPENDIX E – Schedule
 
SCHEDULE FOR SENIOR PROJECT Note: March x Finals
Note: June x Presentation
PROJECT TITLE: ASME BAJA DRIVETRAIN/DIFFERENTIAL Note: June y-z Spr Finals
Principal Investigator: MAVERICK REDDAWAY
Duration
TASK:Description Est. Actual November Dec January February March April May June
   ID (hrs) (hrs)   
1 Proposal*
1a Outline 2 2 x
1b Intro 2 2 x
1c Methods 2 2 x
1d Analysis 3 2 x
1e Discussion 2 2 x x
1f Parts List and Budget 15 20 x x x x x
SolidWorks Parts x x x x x
1g Motor 1 1 x
1h Pinion Gear 2 2 x
1i Servo 2 3 x
1j Battery 1 1 x
1k Star Shaft 2 2 x
1l Differential Joint 2 2 x x
1m Diff. Bevel Gear 3 3 x x
1n Diff. Sun Gear 3 3 x x
1o Differential Case 4 5 x x x
1p Front Diff. Cap 1 1 x
1q Diff. Spur Gear 2 3 x
1r Front Carrier 2 2 x
1s Front Carrier Mount 1 1 x
1t Rear Carrier 2 1 x
Schedule 20 20 x x x x x x x x x x x x x x x x x x x x x
Summary & Appendicies 10 15 x x x x x
subtotal: 84 95
2 Analyses
2a Analysis 1 1 1 x
2b Analysis 2 1 1 x
2c Analysis 3 1 1 x
2d Analysis 4 1 1.5 x
2e Analysis 5 1 1.5 x
2f Analysis 6 1 1.5 x
2g Analysis 7 1 2 x
2h Analysis 8 1 1 x
2i Analysis 9 1 1 x
2j Analysis 10 1 1 x
2k Analysis 11 1 1 x
2l Analysis 12 1 1 x
subtotal: 12 14.5
3 Documentation
3a Motor Drawing 1 1 x
3b Pinion Gear Drawing 1 1 x
3c Servo Drawing 1 1 x
3d Battery Drawing 1 1 x
3e Star Shaft Drawing 1 1 x
3f Differential Joint Drawing 1 1 x
3g Diff. Bevel Gear Drawing 1 3 x
3h Diff. Sun Gear Drawing 1 1 x
3i Differential Case Drawing 1 2 x
3j Front Diff Cap Drawing 1 1 x
3k 40t Spur Gear Drawing 1 1 x
3l 16t Spur Gear Drawing 1 1 x
3m Diff. Spur Gear Drawing 1 1 x
3n Front Carrier Drawing 2 2 x
3o Front Carrier Housing Drawing 1 1 x
3p Rear Carrier Drawing 2 2 x
subtotal: 18 21
4 Sub Assemblies
4a SolidWorks Front Differential 3 9 x x
4b Front Differential Drawing 1 2 x
4c Solidworks Rear Differential 3 5 x x
4d Rear Differential Drawing 1 2 x
4e SolidWorks Base/Gear Train 5 15 x x x
4f Base/Gear Train Drawing 3 4 x
4g SolidWorks Front Carrier/Carrier Mount 2 2 x
4e Front Carrier Assembly Drawing 2 2 x
subtotal: 20 41
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Table 3 
 
5 Part Construction
5a Buy Motor 0.5 0.5 x
5b Buy Pinion Gear 0.5 0.5 x
5c Buy Internal Differential Gears 0.5 0.5 x
5d Buy Gear Train Gears 0.5 0.5 x
5e Buy Differential Spur Gear 0.5 0.5 x
5f Buy Differential Joints 0.5 0.5 x
5g Buy XL Belt 0.5 0.5 x
5h Buy Bearings 0.5 0.5 x
5i Buy Shaft 0.5 0.5 x
5j 3D Print Differential Cases 1 6 x x
5k 3D Print Differential Cap 1 3 x x
5l CNC Housing 4 5 x x
5m Machine Gear 1 2 x x
5n CNC Front Housing 2 6 x x x
5o 3D Print Front Carrier 3 5 x x x
5p 3D Print Rear Carrier 3 6 x x x
5q Machine Front Carrier Housing 3 5 x x x
subtotal: 22.5 42.5
6 Device Construct
6a Assemble Front Differential 2 3 x
6b Assemble Rear Differential 2 2 x
6c Assemble Gear Train 4 4 x x
6d Mount Front Diff. to Base 2 1 x x
6e Mount Rear Diff. to Base 2 1 x x
6f Mount Electrical Components 2 1 x x
subtotal: 14 12
7 Device Evaluation
7a List Parameters 1 1.5 x
7b Design Test&Scope 1 2 x
7c Obtain resources 1 1 x
7d Make test sheets 2 1 x
7e Plan analyses 3 2 x x
7f Perform Evaluation 10 5 x x x x
7g Take Testing Pics 2 1 x x x x
7h Take to Baja 10 10 x
7i Update Website 5 10 x x x
subtotal: 35 33.5
8 495 Deliverables
8a Report Guide 1 2 x
8b Report Outline 1 2 x
8c Write Report 30 35 x x x x x x x x x x x x x x
8d Slide Outline 4 3 x x
8e Presentation 2 0.5 x x
8f Make CD Deliv. List 1 1 x
8g Write 495 CD parts 2 2 x
8h Update Website 5 5 x x
subtotal: 46 50.5
Total Est. Hours= 251.5 310 =Total Actual Hrs
Labor$ 100 25150
Note: Deliverables*
Draft Proposal
Analyses Mod
Document Mods
Final Proposal
Part Construction
Device Construct
Device Evaluation
495 Deliverables
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APPENDIX F – Expertise and Resources 
 
Figure 4 
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Figure 5 
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    Figure 6 
 
APPENDIX G – Evaluation Sheet (Testing) 
 
 
          Figure 7 
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Figure 8 
 
APPENDIX H – Testing Report 
 
Test Procedure 
At the beginning of this project, two goals were set for this RC car; specifically, for the 
drivetrain and differential. The first, was to reach a top speed of 20 MPH. The second, was for 
the car to reach its top speed in under 7 seconds. Two tests will be done in attempt to meet these 
goals. A known distance will be set up and marked start to finish (30 feet). The car will be 
accelerated until the throttle is at its maximum. The car will then make its way towards the 
marked off area and be timed over 30 feet. The average velocity over the 30 foot distance can 
then be calculated for an average top speed. 
The second test requires to download an app, called “SpeedClock”, on a smartphone. This app 
allows you to enter a known velocity, and will take a “lap time” when the velocity is reached. 
The smartphone will be attached to the car with the app already downloaded. Simultaneously, the 
start button on the app will be pressed while another person begins to accelerate the car to its top 
speed. Once the car has reached its maximum velocity, the car will be stopped and the time will 
be recorded.  
The car will repeat both processes for 10 trials to ensure accuracy. It will take place on April 
26th, 2018 in the parking lot behind Hogue Hall. The resources needed for this this test are cones, 
a stop watch, an iPhone, a tape measure, and the RC car.  
There are many risks with this test, but there are a few things to watch out for. Since this test will 
be done in a parking lot, the RC car will have to be as far away from parked cars as possible. No 
damage should be done to others property while doing the test. Also, be aware of pedestrians 
walking to/from their vehicles. Do not put others safety at risk while the test is taking place. 
Lastly, watch out for cars entering and exiting the parking lot. It would be unfortunate if the RC 
car were ran over or hit unintentionally.  
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Test Procedures: 
1. Gather all materials and bring them to the parking lot behind Hogue Hall. Try to set up 
the test near the most secluded part of the lot (usually near the back). 
2. Measure out 30 feet and mark the start and finish with the cones. 
3. Bring the car far behind the start line for plenty of room for it to reach its maximum 
speed. 
4. Have one person begin to accelerate the car towards the start line while the other person 
gets ready to start the stopwatch. 
5. Start the stopwatch as the car passes the start line and stop it as it passes the finish. 
Record time. 
6. Repeat steps 3-5 nine more times. 
7. Analyze the data and calculate an average top speed.  
8. Download the app on the smartphone and attach it to the car.  
9. Enter the average top speed from the previous test, in the app so it will know when to 
stop the timer.  
10. Have one person press the start button on the app while another person simultaneously 
begins to accelerate the car to its top speed.  
11. Once the car has been driving at its maximum speed for a few moments, stop driving the 
car. Record time. 
12. Repeat steps 10 & 11 nine more times. 
If done correctly, these tests should produce accurate data. Two people will be needed to 
complete this test. One person to drive the car, and one person to operate the 
stopwatch/smartphone. If a trial is fault because the car started early, someone didn’t start the 
stopwatch, the driver couldn’t steer in a straight line, etc. restart the trial. It is important to get 10 
accurate trials for each test. 
 
                                Figure 9 
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Deliverables 
After carrying out the first test, the results can be seen in Figure 4 below. 
 
                    Figure 10 
The test was supposed to be composed of ten trials to ensure accuracy. Unfortunately after the 
sixth trial, the car ran into a wall as it was slowing down. This impact caused a set screw in the 
drivetrain to fall out; resulting in it being lost. This ended the testing prior to completing all 10 
trials. Fortunately, the six trials that were obtained had accurate data. The RC car had an average 
velocity of almost 9 MPH. This comes up short of the 19 MPH analysis calculation and the 13 
MPH prediction. It seems there is more power loss between the motor and the wheels than 
anticipated. The graph of the velocity compared to each trial can be seen in Figure 5 below. 
 
 
            Figure 11 
Trial 30ft Time Velocity (ft/s) Velocity (mph)
1 2.4 12.5 8.52
2 2.31 12.99 8.86
3 2.52 11.9 8.11
4 2.23 13.45 9.17
5 2.37 12.66 8.63
6 2.23 13.45 9.17
7 N/A N/A N/A
Average Velocity 8.743333333
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After getting the top speed of 8.7 MPH from the first test, the second test could be started. After 
replacing the set screw, the SpeedClock app was downloaded to the smartphone and the second 
test was carried out. The RC car top speed was entered on the app and the trials began. The 
results can be seen in Figure 5 below. 
 
                                Figure 12 
 
            Figure 13 
It’s easy to see from the data above that the car was reaching its maximum velocity in under 7 
seconds. Only five trials were conducted due to the fact that the results were far below the 
original goal. On average, it took the RC car about 5.7 seconds to reach its maximum speed. This 
number could improve with steering revisions. Keeping the car straight seemed to be the most 
challenging part of this test.  
In conclusion, testing went well and resulted in accurate data; despite the fact that the RC car did 
not perform as well as we projected. The success criteria values were a 20 MPH top speed and 
getting to its top speed in under 7 seconds. Unfortunately, those numbers were not reached. With 
a few modifications to the car’s current state, those number could drastically improve.  
Trial Acceleration (0-8.7) (s)
1 5.4
2 6.18
3 5.62
4 5.36
5 5.81
Average Acceleration (s) 5.674
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APPENDIX I – Testing Data 
 
 
            Figure 13 
 
 
           Figure 14 
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APPENDIX J – Resume 
 
 
MAVERICK REDDAWAY 
609 N. Anderson St. Ellensburg, WA 98926 | maveredd@gmail.com | 253-389-8825 
SUMMARY Ambitious, Central Washington University student, studying Mechanical Engineering. 
Seeking an entry level position in my field that will allow me to use my skills and exhibit my 
persistent work ethic.  
EXPERIENCE 
 
SERVER, PORTALS, SUNCADIA RESORT 
AUG 2015 – CURRENT 
Take drink/food orders. Run food. Expo food. Polish glassware/silverware. Napkin folds. 
Roll-ups. Set tables. Pre-bus tables. Tray pick-up. Micros and Agilysys POS experience. 
SERVER, THE PORCH 
APRIL 2016 – SEP 2016 
Greet customer. Seat customer. Take drink/food orders. Run food. Pre-bus/bus tables. Wipe 
down tables. Expo food. Polish silverware. Restock serving stations. Aloha POS experience 
HYDROSEEDER, SPRAYLAWN 
MAY 2015 – AUG 2015 
Purchase supplies. Mix hydro seed in mulcher. Fill up mulcher using fire hydrants. 
Mechanical maintenance on mulcher. Marking off boundaries. Spray lawn with hydro seed. 
ROOFER, TREMCO 
MAY 2013 - AUG 2013  
MAY 2014 - AUG 2014 
Set up, take down ladders. Carry supplies on and off the roof. Mix weatherproof coating. 
Power washing. Sweeping. Prep roof for coating. Apply coating. Wet insulation removal and 
replacement. Apply commercial shingles. 
EDUCATION SOLIDWORKS DESIGN CERTIFICATION 
ASSOCIATE 
CENTRAL WASHINGTON UNIVERSITY, ELLENSBURG, WA 
B.S. MECHANICAL ENGINEERING TECHNOLOGIES  
ACHIEVEMENTS 3x Powerlifting State Champion 
3x Wrestling State Placer 
Athlete of the Year  
3x 1st Team All-League for wrestling 
1x 1st Team All-Region for wrestling. 3x Team Captain 
Highest Selling Server at The Porch 
REFERENCES JOEL STUBS, MANAGER 
PORTALS AT SUNCADIA 
509-307-0361 
BERNARD KRAMER, MANAGER 
PORTALS AT SUNCADIA 
509-649-6428 
GREG WAGEMANS, BUSSINESS OWNER 
SPRAY LAWN 
206-941-2040 
